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AE IEVESTIGA!l!IOH (?F 0.15-CHORD AILERONS OH

A LOW-DRAG TAPERED WIN(3 AT HIGH SPiiEDS

By Edmund V. Laitone

SUMMARY

Tests of 0.15-wing-chord, Internally balanced ailerons
on a low-drag tapered win~ were made at Mach numbers up to
0.75. The corresponding Reynolds number ranfe was from
5,000,000 to 13,800,000. Both a normal-profile and a beveled,
trailing-edge aileron were teeted without a seal and with a
partial seal. In addition to the usual aileron characteris-
tioe, the pitching-moment increments due to the aileron de-
flections were measured in order that the effect of Mnch
number on the aileron reversal speed could be estimated.

No se~ere comDressibilitV effects were encountered until
a Mach number of 0.725 was exceeded, The rolling-moment
coefficient was found to increase

Y

Mach number at Q rate
much less than that given hy 1/ l-Ma . The data indicated a
tendency toward overbalance of the hinge moment of balanced
ailerons a~ the speed Increaeed.

IHTRODUCTIOH

The high maneuverability required of modern pursuit air-
planes, together with their large size and high speed, makes
oloee balancing of the aileron hinge moments imperative. It.-
has been found that compreeeibility effects may radically
change the aileron characteristics at high sneeds. Frequently
allerone which are closely balanced from teets at low speeds ‘
become overbalanced at high speeds. At present there is no
reliable procedure for making allowance for the effects of
compreselbility on the aileron characteristics other than in-
creasing the rolling moment by the factor l/~~ in which
M Is Mach number. The teste described in thie report were
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made to investigate the behavior at high Maoh numbers of
-. -representative internall,y _balanced ailerons on a low-drag

tapered wing.

APPARATUS AND METHODS

The model used for these teets was a semispan low-
drag (NAOA 66-eeries profile) tapered wing (fig. lj geomet- ‘
riaally kimilar to the one used for the teeta reported in
referenae 1. The model wss mounted in the 16-foot wind tun-
nel of the Ames Aeronautloal Laboratory, Moffett 3’ield,
Oalif., with the root chord parallel to the tunnel wall
(fig. 2). The wing spar and aileron shaft extended through
the tunnel wall. A single support strut was attaohed at the
0.75-chord point adjacent to the inboard end of the aileron
(figs. 2 and 3).

The wing surfaces were smooth exoept during the tests
for which the description ‘roughneBs at O.lOcm is ueed. For
this condition, a 3/8-inch-wide etrig of No. 100 Carborundum
particles was applied at the O.10-wing.chord line along the
entire span of the upper and lower surfaces.

The aiieron chord aft of the hinge line was 0.15 of the
wing chord. The aileron span wae 0.41 of the wing semispan,
and the Inboard end of the aileron was at the midpoint of the
wing sbmispan (fig. 1). The normal-profile aileron had the
same profile as the low-drag wing Heotion and a nose-balanoe
chord of 0.60 of the aileron ohord (fig. 4). The beveled
aileron had a thiokened and beveled tralllng-edge

?
ortion and

a nose-balanoe. ahord of 0.42 of the aileron chord fig. 5).
The variation from the normal profile ended abruptly at the
inboard end of the aileron but, at the outboard endj was
faired into the wing tip.

Both ailerone were teBted unsealed and partially eealed
with normal cover platen (figs. 4 and 5). In addition, the
partially Bealed normal-profile aller.on wae tested with a
shorter cover plate (fig. 4). The partial seal of thin
sheet rubber extended along the entire l/4-inch nose gap and

●.O was continued aoross the small alearanee gap at the-outboard
end. The inboard end of the aileron was unsealed beoause
the orifloe tubing prevented the use of an end seal (fig. 3).

The area of the vent gap between the aileron and the
normal oo~er plate was 0.047 square foot. The leakage area
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for the partially Sealed normal-profile aileron waS apprOX~-

ma.tgly 53 percent of. that vent area, 51 peroent at the in-
board end, and 2 peroen%--tiound tho eupports for the oover
plate near the hinge line. The leakage area for the beveled
aileron wae 32 percent of the vent area, all at the inboard
end, since the reduced overhang of the cover plate eliminated
the necessity for additional support.

The tests were made through a Mach number range of 0.188
to 0.75, with a corresponding Reynolds number range of
5,000,000 to 13,800,000 based on a mean aerodynamic chord of
3.84 feet (fig. 6). The aileron angles varied from 150 to
-15° by 2~0 increment. For all the high-speed tests, angles
of attack (table I) were selected to correspond to wing lift
coefficients of -0.1, 0.1, and 0.3 at eaoh Mach number with
zero aileron deflection.

SYMBOLS

The symbols used in the presentation of the resulte are
defined ae follows:

A aspect ratio

CL lift coefficient, L/qsw

CD drag coefficient, Dlqsw

Ml/q (hI.A.C.) Sw
Cmclq

pitching-moment coefficient,

og rolling-moment coefficlont, L I/qbSw

Cn yawing-moment coefficient, Nt/qbSw

Ch aileron hinge-moment coefficient,

.’ c wing chord

Ca aileron chord measured along airfoil chord line from

- hinge line of aileron to trailing edge of airfoil

Ca root-mean-square chord of the aileron aft of hinge line

b twice span of the eemlspan model
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ba
.

Sw

L

D

Ml

LI

Ha

q

M

a

13~

Aa

aileron span

iwic~” area of ttie

twice uncorrected

twice uncorrected

twice unccrreoted

.. -., -. .,.
eemispan model

lift of semispan model

drag of semispan model

pitching moment (about l/4c of M.A.C.)
of semlspan modal –

.

uncorrected rolling moment, due to aileron deflection,
about longitudinal wind axle In plane of symmetry

uncorrected yawing moment, due to aileron deflection,
about normal wind axis in plane of symmetry

uncorrected moment of aileron about hinge axis

dynamic pressure of the air stream, l/2pVa, corrected
for tunnel constriction and strut interference

Maoh number corrected for tunnel constriction and strut
interference

uncorrected angle of attack, degrees

aileron deflection relative to wing, degrees; positivo
when trailing edge 1~ down

mean change in angle of attack induced by the roillng
velooity

damping-moment coefficient, rate of change of rolllng-
moment ooefflclent o~ with pb/2V

_acl

r
a%).

tangent of wing-tip helix angle in roll

true airspeed, feet per second

Iadioated airspeed, feet per eeoond

P rate of roll in flight, radians per second
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s pressure coefflalent, (H-pz)/qm

---- H -“.-total preeeure -.-. -.-

Pg local pressure on wing

AP coefflciont of pressure dlfferenoe aoro .; eeal,
.

pressure below seal - pressure abovo ~.eal... .—

‘upper -Slower

The parameters for ailgron effectiveness are as follows:

()aCL
Tir ~a rate of change of lift coefficient with angle of

attaok, for a constant aileron deflection, degrees

.()gl rate of change of rolling-moment l~oefficient with
am aileron deflection, for a constant angle of attack,

degrees

()acl~ rate of change of rolllng-moment coefficient (pro-
3; ea duced by tho constant aileron deflection Sa)

with angle of attack, degreee

‘~ Ch().~- rate of change of hinge-moment cl~efficient with ang?.e
c]” Sa of attack, for a constant aile] on deflection,

degrees

(ach~~)z rate of change of hinge-moment cl]efflcient with
aileron deflection, for a cons..ant angle of tittack,
degrees

(dch>

TiJp
rate of change of htnge-moment c~effici.ent with

aileron deflection, during steady roll with equal
up- and down-aileron deflectlone, degrees

RESULTS AND DISCUSSION

Reduction of Data

The data preeented are based on the oomplete wing dimen-”
sions (fig. 1), and all of the data, except those showing the
stiok-force variation with pb/2V, represelt the forces and

.. .
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moments on the complete wing, assuming that only one aileron

-.. yae de fleated. NoneA.of-th.q force data were oorreoted for
etrut interference or tunnel-wall” effeot 8. Consequently, the
magnitude of the rolling-moment ooefficlent is approximately
10 peroent too latge. However, the correction for the angle
of attack would. have been nearly zero.

The dynamlo pressures and Maoh numbers were approximately
corrected for tunnel-constriction effects and strut interfer-
ence. Thle was accomplished by means of a velocity survey of
the flow about the support strut with the wing removed and by
determining (by an unpublished theoretical method) the con-
striction correction through the assumption of two-dimensional
flow over the section of the wing containing the pressure ori-
fices (fig. 1). The correction to the dynamic pressure for
constriction by the model was less than 3 percent at the high-
er speeds and the corresponding Mach number correction was 2“
percent. These constriction corrections are applicable only
for speeds below that for the critical Mach number of the
wing. The Mach number values given for speeds above the crit-
ical are probably a little low.

Variation of Lift

At all speede the wln~-alone tests, made with the allor-
on gaps sealed and falred smooth with putty, gave the same
lift as obtained with the partially sealed normal-profile ‘“
aileron (fig. 7). The angles of attack from the wing-alone
teEts (fig. 7) were used as representative of the character-
istics for the particular lift coefficients (-0.1, 0.1, 0.3)
preeented for all the tests and results.

Static Charaaterlstics of the Ailerons

Figures 8 to 25 preeent the variation of rolling-moment,
hinge-moment, and yawing-moment coefficients with aileron de-
fleatlon for eaoh of the types tested. As an indication of
the general scatter of the test point=, the rolling-moment
and hinge-momeat coefflolen~s are plotted in figure 26 for
an aileron deflection of 10 and an angle of attack correspond-
ing to a lift coefficient of 0.1 in terms of Mach number.

In order to determine the optimum rolling moment avail-
able from a oompletel g sealed aileron, the normal-profile
aileron was set at 10 and all the aileron gaps were sealed
and falred smooth with putty. Figure 26 shows that at all

---- .
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speeds the rolling moment obtained was practically the same
as that produced by the same aileron when partially sealed.
Consequently, the rolling moments for the partially sealed,
normal-profile aileron may be used as a basis for” compari-
son. Additional tests showed that a further reduotlon In
the nose seal deoreased the rolling moment.

I’lgures 8, 11, 17, and 20 show that in most instances
the effect of increasing Maoh number. with the smooth wing
surfaces was to inorease slightly the rolllng-moment coeffi-
cient produoed by these ailerons, although the Increase was
not uniform and was generally muoh less than that predioted
by the facztor lflm. The rolllng-moment coefficient gen-
erally reaohed a maximum at a Mach number of 0.7 and de-
creased abruptly for Maoh numbers greater than 0.725.

Although the unsealed beveled aileron was olosely bal-
anced for small defleotlons at low speeds (fig. 18), for
large deflections the hinge moments were praotlcally an great
as for the partially sealed normal-profile aileron. Also,
figure 18 shows an undesirable tendency of the C1OSS balanoe
at low speeds to become an overbalance as the Maoh number
inoreaeea. The addition of thempartlal seal produced an
even greater overbalance at high speeds (fig. 21).

The roughness at 0.10 chord on the wing decreased the
variation of hinge-moment coefficient with speed (fig. 24).
However, this does not necessarily mean that the variation
in hinge-moment coeffiolent with Mach number for the smooth
model was entirely due to the forward movement of transition.
The effect of the roughness, in general, reduoes the raria-.
tion of all the wing characteristics with Mach number. Also,
the drag measurements indicated there was no appreciable
movement of the transition point until the compressibility
effeots beoame predominant at Mach numbers above the critical.

The leakage at the inboard end of all the partially
sealed ailerons probably inoreased the hinge momente and re-
duced the aileron-deflection range over whloh (~Oh/~8a)~
remained oonstant. (See reference 2.) However, as prev~ouslv
noted, this leakage was not lar e enough to change the roll-

7ing moment appreciably (fig. 26 .

Aileron Oontrol Characteristics

E’iguree 27 and 28 present the parameters whioh are

.—— —. .
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required to determine the hinge moment occurring during roll
.- with- sma-l.l--defleotlono of the partially sealed, normal-profile

ailaron. All the parameters were obtainod for the region of
0° aileron deflection and 0° angle of attaok. In addition,

the theoretical valuo of
(~’aa = +3 (++)1 ‘“

compared with the experimental value fig. 27). It ie seen
that for small aileron defleotlons at low angles of attack
the effeot of an inorease In speed is to increase slightly
(~OZ/~8)a and deorease cons~derably the magnitude of

(~Ch/a8 )m. Wnen the Mach number exceeds 0.725, both parame-

ters are abruptly changed. In the appendix it 3s shown that
the aotual rate of change of hinge-moment coefficient during
steady roll, with equal up- and down-aileron deflections, is

● given by

(Z)p=&j=“ 113(2).(%),a
for the airplane characteristics presented in table I. Oon-
sequently, figures 27 and 28 show that an increase of Mach
number up to 0.7 will decrease the hinge-moment coefficient
durinC roll, For example, an increase of Mach number from
0.3 to 0.7 would change (dCh/d8a)P from -0.00186 to
-0.00CJ96, equivalent to a decrease in hinge-momont coefficient
of 48 percent. If the rolling velocity were negleoto~; the
paramtiter (aoh/a8Ja alone would determine tha hinge-moment

coeffloient and, for–the same Maoh number inorease, Its value”
would change from -0.00227 to -0.00182, indicating only a
20-peroent deorease of hinge-moment coefficient. However,
elnce (aOh/&X) aa varies considerably with angle of attaak

(fig. 29), the foregoing statements are true only for small
aileron defleotlons (i.e., for rolling velocities such that
Au, the mean change In angle of attack induced by the roll-
ing veloaity, remains near OO). Consequently, when the data
are available, cross plots similar to figure 29 should be
made and the effeat of roll upon hinge moment should he found
directly from them. The variation of Aa, as eomputod from
table I and a croes plot from figure 11 for the rolling-moment.
variation with angle of attaok,also is shown in figure 29..

Figures 30 and 31 present the aileron control charaater-
istica aorrecsted for the rolling velocity and for differences
between the wind-tunnel and fllght data. These aileron

..
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ccntrol character tetfaa, In the form of etlck forae requtred
to produce a given, ,.. pb/2V, were oomputed for the character-
istics Shea’riin table ~, khich-ar”e” esdan’tlally the same as
those used in referenoe 1. The value of 0.55 for the damping-
moment coefficient at small lift ooefflcients was used in
reference 1 to oorreot for the differences (including a
tunnel-wall correction of approximately 10 percent, the effect
of elasticity in the wing-aileron system,, and the reduced ra-
sponse due to sldeslip) between the wind-tunnel data and ac-
tual rolling moment available in flight. The same value of
the damping-moment coefficient was used in thte report, slnoe
the low-speed rolling-moment curvee obtained with the partial
seal agreed oloeely with those given in reference 1. The
mean change in angle of ~ttaok induced by the rolling veloc-
ity Au, as given by the equation in table 1, wars assumed to
be the change at a point 0.10 of the aileron span from the
inboard end. (See reference 3.) Z!he rolling-moment and
hinge-moment coefficients, for equal up- and down-aileron
deflections, were corrected for rolling velocity by using the
coefficitints corresponding to the mean an~le of attack occur-
riag during roll (e.g., ~ee fig. 29). Yigure 30 Is for a
Mach number of 0.7 and a lift coefficient of 0.1, with a
dynamic pressure of 337 pounds per square foot (table I).
These cona!tlons correspond to flight at an altitude of 19,900
feet with a true airrpeed of 4G6 miles per hour and an indi-
cated airspeed of 374 miles per hour. For a direct comparison
of the effects of Mach number, the curves In figure 31 were
obtaine~ for a Mach number of G.3 with the same lift coeffi-
cient of 0.1 and dynamio pressure of 337 pounds per square
foot . Also included In figures 30 and 31 are the static ai-
leron control characteristics for the partially sealed, nor-
mal-profile aileron, computed by neglecting the roll:ng ve20a-
ity.

For small deflections the effiolency (pb/2V produced
by a given stick force) for the partlallr sealed normal-
proflle aileron inoreased with Mach number in agreement with
the previous computations from the aileron parameters. How-
ever, for aileron deflections greater than 6°, (corresponding
to a stiok travel of 3.2 in.), the efficiency deoreased as
the Mach number increased even though the static effloionoy
(neglecting the rolling velooity) inereaeed with Mach number
(figs. 30 and 31). This oocurred beqause the correction for
the rolling velocity, whioh generally increased the Gffiolency
in roll, aotually decreased the efficienc~ for aileron deflec-
tions greater than 6° at the higher Mach number (fig. 30).
As before, the increase in efficiency durln~ roll was due to

~--------- __
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value of (aCh/&X)8a as shown in the appendix.

decrease i’h”efficiency durin~ rail at the hl~hor
Mach number was due to the variati~n of ~~dh/aU) 8a and -

(ah/@8a with angle of attaok. These variation; at a Mach

number of 0.7 were such that the Aa reeulting from aileron
defleotlons greater than 6° (pb/2V > 0.042) actually in-
oreased the hinge moment and decreased the rolling moment.
(See fig. 29.) The valuo.of pb/2V attained for a given
aileron dofleotlon (or etlck travel) was less for the oondt-
tion of steady roll than for the easo whore tho rollin
locity was negleoted because of the variation of (aoz~a;?~a

with angle of attack. Bigures 30 and 31 show that the effect
of (aC@Z)8a was muoh greater at the higher Mach number

and the larger aileron deflections. With the exoeption of
the lcrge aileron defleotlons at high Mach numbers, the values
Of (aCt/aa)~a ware relatively small, so that during roll

tho chnago In Efficiency would be mainly due to (a6h/a~)8atas

is aseumed in the appendix.

Figures 30 and 31 show that the beveled aileron became
overbalanced during roll as the Mach number inoreased. In
addition, since the available rolling moments were less for
the beveled aileron (fig. 20), the maximum value of pb/2V
was much l~ss than that obtainod by the normal-profile aileron
and the s~ick forces were greater for the higher values of
pb/2V. (See figs. 30 and 31. )

It Is important to note that, although any change in
lift-curve S1OPO would affect the damping-moment coeffleient,
the vmlue of 0.55 was used for all the preceding computations
since the actual change in damping-moment coefficient oould
not be determined. The llft-curve slope inoreased 44 peroent
when the Mach nu~_oer lncrea~ed from 0.3 to 0.7 (fig. 27).
However, the lift-curvo elope of the tip portion of the wing,
containing the aileron, would be predominant in determining
the damping-moment coefficient and aIso, at high speeds, the
lift-ourve slope with the ailerons defleoted was different
from the.t with the ailerons neutral. In addition, a Mach
number Inorease may increase the damping-moment coefficient
due to othor oausea, suoh as an inoreased wing tw~st. (see
fige. 33 to 35.) In view of the above reasons, no adjust-
ment of the damping-moment coefficient was made for the
beveled atlerons, whloh deoreased the lift-ourve slope 3.7
percent (fig. 7). Thk effect of a small decrease, say 10
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D?rcent , In the damping-moment coefficient oould be approxi-
mated by i.ncreaslng the pb/2v by 10 peroent for the given
st!ok farce.

The general indlciatlon from these tests wam that (in
the aileron aharaotorletlce) no severe oompreeslbillty effects
would be encountered until a Maoh number of 0.725 was ex-
oeeded. Figures 27 and 28 indloate that the first slight
effects of the compression shook may beoome noticeable when
the Mach number exoeeds 0.7.

Pitching Moment Induoed by Ailerons

Tho pitching-moment inaromont acting on each wing tip
would tend to twist the wing so as to docreaee thJ rolling
momont , and tho spocd at which tho rolling momont accompany-
ing tho elastic twist of the wing nullifioe the rolling
moment produced by the ailerons Is defined as the aileron
reversal epeed. In order to provide data necessary to deter- “
mine the effect of Mach number upon the aileron reversal
speed, the Increments of pitching-moment coefficient produced
by aileron deflection ware plotted (figs. 32 to 35). These
increments are based on the pitching moment taken about the
quarter point of the mean aerodynamic ohord. They Incroauod
rapidly with Maoh number until they reached a maximum value
at a Mach number of 0.725, and then they decreased abruptly. “

Balanoe Pressures

Figures 36 to 38 show the balance pressures under the
oover plates. The coefficient AP is a measure of the pres-
sure differenoo acn?oss the balanoo seal. It wa~ meamrad at
tho chord llne containing the wing pressure orifloes (fig, 1).
Plguros 36 and 37 show the variation of AP, at oonstant
Maoh numbers, with aileron angle for the partially sealed
normal-profile aileron and for the beveled aileron, respec-
tively. Figure 38 provides for comparisons of the effeots of
a shorter cover plate on the partially sealed normal-profile
aileron, of roughness at 0.10 wing chord on the partially
sealed beveled aileron, and of an additional leakage area of
2 peroent of the vent area In the seal of the partially
sealed beveled aileron. The partially sealed beveled aileron
(fig. 37) developed higher balanoe pressures than did the
partially sealed normal-profile aileron (fig. 36). However,
oomparlson of figures 36 and 38 shows that the balance

—.
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pre~sures became approximately the came when equal leakage
-. ...a_meawae present. in-bot.h.noee seals. With thie additional “, 2-peroont leakage area, the hinge moment of the beveled ai-
,. leron vaO tncroaeod approximately 10 porcont at a 15° aileron
2 deflection,

‘1

but the rolling moment and yawing moment were
unaffeotod.

).
.. The spanwiee variation of the pressure ooeffiolente aot-.
, ing above and below the seal 1s ehown in figures 39 and 40

for the partially sealed normal-profile aileron and the par-
tially nealed beveled aileron, respectively. Because of the
largs leakage area at the inboard end, the pressure differ-
ence was decreased over a oonsiclerable portion of the nose
balance. Also, the velocities induced by the eupport Btrut
at the inboard end of the aileron probably contributed some-
thing toward this deoreaee. However, the data indicate that
the leakage at the inboard end had no appreciable effeot on
tho balance proesuroe presented in figures 36 to 38, since
AP was moasurod at a position 0.45 of the aileron span from
the inboard end.

Pressure Distributions

Yigr.res 41 to 49 present the pressuro distributions for
the partially sealed normal-profile aileron and the partially
sealed beveled aileron for deflootions of 0°, 10°, and -1OO.
All of the curves for a Mach number of 0.3 or more are for
the angles of attack corresponding to a lift coefficient of
0.1 for the wing alone (fig. 7 and table I). The values of
sCr P the pressure ooofficient for which the 100al velocity
over tho wing is equal to the 100al velooity of sound at the
corresponding. free-stream Mach number defined as Mor , are
also shown. .

Figures 50 and 51 provide for a direct comparison of the
pressure distributions for aileron deflections of 0° and 10°,
respectively, at an angle of attack corresponding to a lift
coefficient of 0.1. 3’iguro 51 indioates that, due to the alr
flow through the nose gap, there was considerable separation
over the upper surfaoe of the unsealed normal-profile aileron
with a 10° deflection. This separation reduced the sootion-.
lift and the resulting rolling moment. However, with a 0°
aileron deflection, the pressure difference aoross the noeo
gap was small, and the flow through the gap was not suffi-
c~ent to cause appreciable separation (fig. 50).

~. . . . . - .. ..

,

—. . ..—
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A oritioal Maoh number (Mcr) of 0.67, corresponding

to the g~r obtalried” from the peak-pressure measurements

(fig. 41 and reference 4), wae indl~ated for the wing at a
lift’ ooefficjient of 0.1. It Ita Important to note that this
critical Maoh number i.e.merely the speed that must be ex-
ceodod in ordor to obtain the conditions necessary for the
formation of a oompreeeion shook. Figure 11 ehowB that the
rolling-moment coeffi~ient had not deoreased even at a Maoh
number of 0.726, indicating that the eritioal Maoh number
was exeeeded by 8 percent before the compression shock seri-
ously affeoted the action of the aileron. The wing itself
wa~ more immediately affected since the lift-ourve slope de-
creased rapidly after a I#ach number of 0.7 was exoeeded
(fig. 27).

The pressure distribution-indioates a compression shock
betwoon 60- and 66-percent chord at a Maoh number of 0.7.
Consequently, the abrupt change of the aerodynamic foroee
and moments on the modol, gonorally occurring at or beyond a
Mach number of 0.725, would be expeoted.

00iTCLUDIlU3 REMARKS

These tests have indicated that a further study of
hinge-moment coefficients at high speeds Is advisable, since .
there was evidence that ailerons closely balanced at low
speeds might become overbalanced as the Mach number incroasod.
This was espeoiall? true for the beveled ailerons. The tests
showed that no serious adverse
encountered until the critical
coeded b~ at least 8 percent.

Ames Aoronautloal Laboratory,

cOmpreOSibility effects we~o
Mach number (0.67) was ex-

Rational Advisory Oomm~ttee for Aeronautics,
Moffott Field, Oalif.

,.. —— — -..-.. -, , . .—. -—
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APPXXDIX
--

Analysis of Aileron Hinge Moment during Response

If the rolltng veloolty is assumed oonstant and there
is no sideslip or yawing,

‘-+$’)(9=”%G$) “
However, this expreOslon will general17 be a good approxima-
tion even with the sldeslip ocourrlng with looked rudder at
a oonstant rolling velocit ,

t
provided that the value of

pb/2v Is deoreamed by a t eoretiaal allowance for the effeot.
of- eldeslip. Consequently,

(Jib)
2V J

The magnitude of the ohange In angle
by the rolling velooity at distance yb/2
rotation is

of attack induoed
from the axia of

When yb/2 is a mean-wing-epan looation determined from the “
load distribution (reference 3), then &z may be used as
the mean cihange in an~le of attaok for the entire wing. ghe
value of yb/2 is determined by whether the effeot of the
rolling velocity on the rolling moment or the hinge moment
Is being oons5dered. However, since the effeot of the roll-
ing velocity on the rolling moment Im generally nmallm the
same value of yb/2 whioh is oomputed for the hinge-moment
oorreotion may be uned. Sinoe the values of pb/2V are
tamall,

. ph AC I
lAal z 57.37=: 57.3y— alp’

degrees
.

. . .——
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If It is assumed that the eileron rolling-moment coeffi -
o-lent varlei4-linearly, then for one aileron alone

sinoe Aa is alwayO small and (aC1/~a)8a Ie 8180 emall “

except for large aileron deflections at high speeds. Then
for equal up- and down-aileron deflections, the total roll\ng-
moment coefficient available during roll is

Then

or

If it 1s assumed that the aileron hinge-moment coei’fi-
cient variea linearly, then during roll the resulting total
hinge-moment ACh is

Or, for equal up- and down-aileron deflections, the actual
total hinge-moment coefficient during roll ie

—
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r

1

L

II“AZ
8a

where m and 8a are measured in degrees.

Thla express~on for the actual total hinge-moment coef-
ficient shows the effect of each parameter upon the stick
force occurring during roll (reference 5).

The actual rate of change of hinge-moment coefficient
w~th equal up- and down-aileron deflections could be written
aO

which is equivalent to

since the value of (aAa/N5a)p due to eteady roll would be

given by

q
— -—-.—. - .—— -—. -- .-
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. (w,=‘2(-) (w
a

the negative sign being correot, since an aileron deflection
of +8a is accompanied by an induoed angle-of-attaok ahange

of T&x ah all ordinary conditions.

l’or the values given in table I, the expression for the
actual rato of chanRe of hinge-moment coefficient dnrlng roll
with equal up- and down-aileron defleotlon becomeO

It i.EI obvious that nogatlve values of (~Ch/aa)~a will be

favorable, since they will decrease the hinge moments. When

1 (a(!h/a8~)a
(a%/ad~fi = .———.——-––––.. the rosultl.ng hinge moment

113 (ac~/a3n]a’

during roll will be zero+ and when (dCh/d8a)P IS positive,

tho ailorone will bo overbalanced in roll.

It is to be notod that generally tho paramotore are
linear only for small aileron deflections and low an,~lGs
of attack. Tho parameter (aCh/~~) 8a sometimes evgn ~hanges

algebraic value with the small angle-of-attaok variation (AcL)
induced hy the rolling velocity. (See fig. 29 and reference
5.) .

— --
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pb
T- 1.- DATAJRIR ~ 00KtlTMICNS

[a oorreaponding to ~ given on ourves]

M 0.lW4m3 0.5 0.6 0.65 0.675 -0.7 0.T2S 0“75

q=-o.l -1.7 -107 -1.6 -1.5 -1S5 4.6 -1.9 -3.2

~=o.1 ●7
f

●; ●3 93 ●3 .1 0 0

~=o.3 3.2 2*9 2.4 2.2 2.0 lmg 1.7 2“7

Wng loamlg = 33.7 ll?ffta

Iiaximunstiok travel = B in.

Maxinazmaileron deflection =X@

Aileron differential =1:1

Stiok travel (ft)/ailerondeflection(rad) = 2.55 ft

Aileron span x (ohordm~)a = ba Eaa = 5.60 ft3

Stiok force = 2.20 @q lb

dy
Danz@g coeff~.oient= %P = — = 0=55

(2

~ pb~

7) . pb q

“’3 ‘~

Angle ohange hti~a by roll = AU
/ pll

= 0.5411— )
\2v/
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.
Figure 2.- Tapered wing model mounted in 16-foot wind tunnel.

Figure 3.- ViOw of aileron with cover plate-removed.
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